Sperm competition games investigate how males partition limited resources between pre-and post-copulatory competition. Although extensive research has explored how various aspects of mating systems affect this allocation, male allocation between mating, fertilization and parental effort has not previously been considered. Yet, paternal care can be energetically expensive and males are generally predicted to adjust their parental effort in response to expected paternity. Here, we incorporate parental effort into sperm competition games, particularly exploring how the relationship between paternal care and offspring survival affects sperm competition and the relationship between paternity and paternal care. Our results support existing expectations that (i) fertilization effort should increase with female promiscuity and (ii) paternal care should increase with expected paternity. However, our analyses also reveal that the cost of male care can drive the strength of these patterns. When paternal behaviour is energetically costly, increased allocation to parental effort constrains allocation to fertilization effort. As paternal care becomes less costly, the association between paternity and paternal care weakens and may even be absent. By explicitly considering variation in sperm competition and the cost of male care, our model provides an integrative framework for predicting the interaction between paternal care and patterns of paternity.
Introduction
Over the last decades, evolutionary biology has witnessed an explosion of studies of sperm competition in several taxonomic groups, enhancing our understanding of how various ecological and evolutionary conditions affect male reproductive strategies [1] [2] [3] . Contrary to what was traditionally assumed, ejaculate production can be energetically demanding, imposing high energetic costs on males [4] [5] [6] . Therefore, males are likely to experience a trade-off between investing in traits that increase ejaculate production and traits that increase their mating success [7] [8] [9] [10] . Evolutionary models, in particular, sperm competition games, represent a powerful approach to predict how such trade-offs affect the evolution of male reproductive allocation strategies under sperm competition (defined as sperm of rival males competing to fertilize the same clutch of eggs [1, 2] ). Since sperm competition games were first introduced [11] , several extensions have been formulated in the field, exploring, for example, the additional effects of male alternative reproductive tactics [12] , sperm displacement by newcomer ejaculates [13] , and different forms of pre-copulatory male competition [14] . These models assume that males partition their limited energetic reserves solely between pre-and post-copulatory competition. Sperm competition games have, therefore, largely ignored how paternal care will affect and be affected by male ejaculate allocation.
Paternal care is expressed in a great variety of forms in nature. Males may carry eggs, provision the young, build and defend nests, or just stay around [15] [16] [17] [18] [19] [20] [21] [22] . Such behaviours greatly increase offspring survival due to their roles in protection against natural enemies and providing resources necessary for proper offspring development and growth [20] [21] [22] [23] . Parental care may also impose a high fitness cost on adults, in terms of increased mortality risks and energetic expenditures & 2017 The Author(s) Published by the Royal Society. All rights reserved.
and decreased fertility [20] [21] [22] 24, 25] . However, the extent to which offspring performance is improved by additional paternal effort and the consequent cost imposed on males are likely to vary among species as the result of historical and physiological processes, and across ecological conditions. In fact, males from several species are known to change the intensity of their parental behaviour in response to, for example, variation in oxygen availability [26, 27] , food availability [28, 29] , adult predation risk [30, 31] and egg predation risk [29, 32] . Therefore, variation in the level of paternal effort necessary for adequate offspring survival and maintenance affects the associated cost imposed on males and, consequently, is likely to intensify or weaken the trade-off between male allocation to other components of fitness.
Paternal effort is predicted to not only depend on offspring needs but also respond to variation in expected paternity, with males reducing care when they are less likely to be related to the brood (e.g. [33] [34] [35] [36] , but see [37, 38] ). Within species, behavioural adjustments in paternal effort are expected when cuckoldry is common, paternity varies between reproductive events and the cost of paternal care is high [23, 37] . The positive association between paternity and paternal care among species, however, does not arise from such fine adjustments, but instead as the result of male life-history trade-offs affecting species-specific levels of paternal effort over evolutionary time. Although empirical evidence shows some support for a positive relationship between paternity and paternal effort, both within [23, 35] and among species [17, [39] [40] [41] [42] , extensive unexplained variation remains [15, 23, [43] [44] [45] [46] .
As widely acknowledged, however, paternity is not a static trait but is instead the outcome of social interactions within and between the sexes [35, 37, 47] . It is, therefore, essential to consider explicitly how these interactions simultaneously affect patterns of mating, fertilization and parental care, and thus drive the relationship between paternity and paternal effort [35, 47] . In this context, sperm competition games provide a powerful framework within which to explore intra-and inter-sexual interactions, as they determine the level of sperm competition, which in turn selects on male differential allocation to ejaculates at the expense of other components of fitness [1, 2] . Here, we ask whether simultaneous allocation between mating, fertilization and parental effort in the presence of variation in the cost of male care can contribute to our understanding of some of the unexplained variation observed in the association between paternal care and paternity.
In this paper, we extend sperm competition games by modelling male allocation between traits that affect mating success, ejaculate production and parental care. Building on existing theory [1, 2] , we consider how the effect of male allocation to parental effort on offspring survival is predicted to affect the relationship between mating rate, fertilization success and paternal care. In particular, we explore between-species variation in the cost of male care, from scenarios where parental behaviour is energetically inexpensive (i.e. low allocation to parental effort results in relatively high offspring survival) to situations where care is very costly (i.e. equivalent offspring survival requires high male allocation to care; see electronic supplementary material, S1). The main goals of this study are to evaluate how variation among species in female promiscuity and the cost of male care affect (i) male allocation between obtaining matings, producing ejaculates and providing parental care and (ii) the association between paternal care and paternity that emerges as the result of male allocation between these three different components of fitness. Our findings reveal that the cost of paternal care can drive how males respond to sperm competition and whether a detectable empirical association is predicted to exist between paternity and paternal care.
Model description
In order to incorporate paternal care into sperm competition games and make direct comparisons between our model and earlier theory, we adopt a few key assumptions made by previous models. For example, we assume that individuals reproduce in a large population (with 1 : 1 sex ratio and negligible chances of double mating between any two individuals), where females determine their own mating rate and, consequently, the intensity of sperm competition (see reviews in [1, 2] ). Moreover, males have the same total energy budget available for reproduction that is partitioned between n reproductive events, such that a male allocates C units to obtaining each mating and s units to the one ejaculate transferred during each insemination event. A key difference in our model is that males must also allocate P units of their total energy budget to paternal care towards one clutch produced by any particular female during the breeding season (see table 1 for the full list of variables). The general reproductive dynamic represented by this modelling structure is that males and females may mate multiply during the breeding season, but that females lay a single clutch of eggs with one male after this period of mating (fertilized by the sperm of their f mates) and that males only care for one clutch of eggs per reproductive bout. While this does not capture all species, this mating pattern is consistent with species with paternal care (i) in which males and females exhibit social monogamy but may mate multiply (as is common in many birds [17] and mammals [18] ), (ii) in which females mate with multiple males but lay their clutch in the nest or territory of their final mate (as observed in some arthropods [23] ) or (iii) in which fertilization is external and multiple males release their gametes simultaneously over one clutch of eggs (as is common in many fish [15, 48] and amphibians [22] ). A male that allocates more to parental care increases the survival of his offspring at the cost of reducing his mating opportunities and/or his sperm competitiveness. In this sense, while C represents the energetic cost of obtaining each mating event (involved, for example, in mate searching, territory defence or male-male competition) that is experienced equally by all males within a population, male allocation strategies vary in their expenditure in s and P, and, consequently, their mating rate n. By scaling the total energy budget to 1 (after [1] ), the parameters representing male allocation strategies can be readily interpreted as relative allocation to different components of fitness, such that
where a symbol^denotes the allocation strategy adopted by wild-type males in the population, and unmodified symbols denote allocation by the mutant male (following standard methods [1] ). Each component of male fitness, i.e. mating effort (M ¼ C . n), fertilization effort (E ¼ s Á n) and parental effort (P), is expressed as dimensionless proportions of the total energy budget and therefore enables direct comparison among species. The relative gain in mating success n of a mutant male adopting the allocation strategies s and P, in a population of males adopting the allocation strategiesŝ and P, is given by nðs,ŝ, P,PÞ ¼n Á ðC þŝÞ þP À P C þ s : ð2:1Þ
Besides including the additional allocation to parental effort, we also need to explicitly establish the contribution of paternal care to males' fitness in our model. Following previous models of parental investment [33, 36, [49] [50] [51] , we model the relationship between parental effort and offspring survival as a nonlinear function with diminishing returns. Here, we assume that offspring survival depends on male allocation to care, so that the probability of offspring survival approaches 1 as P increases. However, offspring survival is also determined by biotic and abiotic conditions that affect offspring development and growth, such as oxygen and temperature levels, food availability, predation risk and maternal care. Although distinguishing the exact source of how offspring survival changes with parental effort might be useful to understand their particular effects, for the purpose of our model, we represent them together as the cost of male care. Therefore, we model offspring survival following the exponential function:
where e is the base of the natural logarithm and B and a represent, respectively, the intercept and the shape parameter of the exponential function that captures how offspring survival depends on male allocation to parental effort. Another novelty of our model is that we explicitly incorporate how variation between species in the cost of paternal care affects the pay-offs of male parental allocation strategy in two distinct components: the baseline level B of offspring survival without any paternal care and the difficulty a of providing care. The higher the values for a and/or B, the lower the energetic cost of paternal care and the lower the allocation to care needed to achieve high offspring survival (see electronic supplementary material, S1). Biologically, the cost of paternal care varies among species and is assumed to be determined by historical and ecological processes, physiological constraints or maternal behaviour, instead of being under males' control. In our model, the fitness of any male is directly proportional to the number of offspring produced that survives the caring period. As described in greater detail earlier, our model captures the situation where males and females mate multiply during the breeding season and each male provides parental care to one potentially mixed-paternity brood laid by his social or final mate. Therefore, a mutant male's fitness depends on (i) his mating rate nðs,ŝ, P,PÞ, (ii) his fertilization success after each mating (i.e. proportional to the amount of his ejaculate relative to the amount released by the other f 2 1 males that copulate with the focal female-following a 'fair raffle' sensu [11] ), (iii) the survival of his genetic offspring present in the single clutch left under his care, which depends on his own allocation P to care (i.e. within-pair) and (iv) the survival of his genetic offspring present in the clutches produced by the other ½nðs,ŝ, P,PÞ À 1 females and left with other males, which depends on their allocationP to care (i.e. extra-pair). For simplicity, we do not incorporate variation in the number of eggs per clutch among females or females' reproductive events. Then, the expected fitness of a mutant male adopting the allocation strategies s and P, in a population of males with the mean allocation strategieŝ s andP, is given by
where the first term represents the survival of the proportion of his genetic offspring within-pair, while the second term represents the survival of the proportion of the offspring extra-pair.
Analytical solution
Using standard methods [52] , we can find the analytical solution for the evolutionarily stable allocation (ESA) strategies in four steps. First, we obtain the following ESA to ejaculates by solving dWðs,ŝ, P,PÞ=ds ¼ 0 at s ¼ŝ ¼ s Ã and P ¼P:
Then, setting s ¼ŝ ¼ s Ã and solving dWðs,ŝ, P,PÞ=dP ¼ 0 at P ¼P ¼ P Ã , we obtain the ESA to paternal care as
The next step regards ensuring not only that the model is internally consistent (regarding its mathematical and logical properties), but also that it is biologically consistent [37, 53] . In particular, the model must respect the 'Fisher condition': in a diploid species with sexual reproduction, each offspring must necessarily be the result of the fertilization of one female gamete by one male gamete and each mating event must occur between a male and a female [37, 53] . Therefore, to ensure self-consistency in a reproducing population with 1 : 1 sex ratio, female and male mating rates must be the rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171266 same at equilibrium. When females determine their own mating rate, the parameter that ensures such self-consistency is the cost C of males obtaining each mating. To satisfy the 'Fisher condition', we solve the equality f ¼ n* for C. Although the cost C may be treated independently from the female mating rate and the cost of male care (parameters a and B), it needs to be a function of all these three parameters such that:
where g(x) is the solution z in x ¼ z Á e z (see electronic supplementary material, S2). Biologically, the 'Fisher condition' dictates that, when females determine their own mating rate, low levels of female promiscuity entail high cost to males of obtaining each mating, while high promiscuity is associated with low cost of mating for males.
The fourth step checks whether the equilibrium solutions (i.e. s ¼ŝ ¼ s Ã and P ¼P ¼ P Ã ) represent fitness maxima. This condition is satisfied for functions with multiple variables if the Hessian matrix has no positive eigenvalues [52] . In our model, equations (3.1a-c) represent fitness maxima when f . 2, B ! 0 and a ! 10 (see electronic supplementary material, S3). We explore the parametric space delimited by 2 f 15 (where females mate multiply, representing an 'intensity' sperm competition game [1, 2] ), 0 B 0.8 (which includes scenarios where the lack of male care condemns the entire clutch to death to scenarios where only a small subset of the offspring does not survive; see electronic supplementary material, S1) and 10 a 80, and, therefore, our interpretation is restricted to this parameter space. The predicted ESA to mating, fertilization and parental effort are given by
Finally, because male ESA strategies at equilibrium are predicted to go to fixation in the population over time, the paternity achieved by each male in their clutches (i.e. within-pair paternity) is given by 1/f ¼ 1/n*.
Theoretical predictions
(a) Case 1: offspring survival depends entirely on paternal care
We first consider the case where offspring cannot survive without paternal care (i.e. obligate male care-the baseline offspring survival B equals 0). This may occur in species that experience harsh ecological conditions for offspring performance (survival and/or development) and/or in which maternal care is absent (i.e. paternal allocation P . 0 is necessary for offspring survival; for further details see electronic supplementary material, S1). In this scenario, increasing female promiscuity favours male strategies that increase the allocation of energy to fertilization effort, and, as a consequence, less energy is left for allocation to mating and parental effort ( figure 1a-c) . This predicted pattern, however, is affected by the extent of the difficulty of providing care. When ecological and physiological conditions do not impose a high energetic cost of paternal care (i.e. high a-values), low allocation to parental effort is sufficient to ensure high offspring survival (see electronic supplementary material, S1 and S4). For this biological scenario, a low cost of care, therefore, favours lower male allocation to parental effort (figure 1c), allowing males to allocate more energy to obtaining matings (figure 1a) and producing ejaculates (figure 1b). As ecological and physiological conditions cause the cost of paternal care to increase (i.e. decreases in a-values), higher allocation to care will be required for offspring to survive (see electronic supplementary material, S1 and S4), which favours increasing allocation to parental effort ( figure 1c ) and, consequently, reduces allocation to mating and fertilization effort ( figure 1a,b) . Our model also predicts a positive association between the ESA to parental effort and the expected average withinpair paternity (figure 2a). This pattern, however, is not predicted from an explicit or assumed effect of relatedness on male allocation to care, but instead emerges from how males adaptively allocate to different components of fitness in response to the interactive effect between sperm competition intensity and the cost of male care across species. This theory, therefore, predicts the same positive association between paternity and paternal care, but for a different underlying reason than the effect of relatedness on the benefits of care. In addition, the difference between the ESA to parental effort in species in which females mate just a few times (i.e. high expected average within-pair paternity) and the ESA to parental effort in highly polyandrous species (i.e. low expected average within-pair paternity) is modified by the cost of care (figure 2a). When ecological and physiological conditions impose a high energetic cost of male care (i.e. low a-values), the difference between species with low versus high females' promiscuity is great, with males allocating much more energy to parental effort in species with low than high mating rates (black line in figure 2a) . As ecological and physiological conditions impose a decreasing cost of male care (i.e. increases in a-values), the difference in the ESA to parental effort among species diminishes, with males investing similarly to care regardless of female promiscuity, thus weakening the association between paternal care and within-pair paternity (other lines in figure 2a).
(b) Case 2: offspring survival depends partially on paternal care
We now consider the situation when offspring can survive without paternal care (i.e. the baseline B . 0, see electronic supplementary material, S1). This may arise in species with male-only care, where, for example, ecological conditions for offspring performance (survival and/or development) are not so restrictive, or in species with biparental care, where females provide care independent of paternal behaviour. The qualitative predictions for this case are similar to those from case 1. First, although increases in female promiscuity also favour male strategies that preferentially allocate energy to fertilization effort (figure 1d-i), this pattern is modified by the extent of the cost of male care, represented in case 2 by the combination of two components: the difficulty of providing care (i.e. by the shape parameter a of the offspring survival function; figure 1d-f) and the baseline offspring survival (i.e. by the intercept parameter B of the offspring rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171266 survival function; figure 1g-i). When ecological and physiological conditions do not impose a high energetic cost of care on males (i.e. high a-or B-values), less allocation to parental effort is favoured, while increases in the energetic cost of male care (i.e. decreases in either a-or B-values) favour increasing allocation to parental effort. Second, case 2 also predicts an emergent positive association between parental effort and expected within-pair paternity, with the cost of male care modulating this association ( figure 2b,c) . The strength of this modification effect, however, depends on which of the two parameters that capture the different aspects of the cost of paternal care one considers. For the shape parameter a, when ecological and physiological conditions lead to care being difficult (i.e. costly) for males to provide (i.e. low a-values), the difference in parental effort between species where females mate just a few times and species where females are highly polyandrous is large (black line in figure 2b) . In species where paternal care is less costly to provide (i.e. increases in a-values), the association between paternal care and within-pair paternity is predicted to be present but weaker (other lines in figure 2b ) and thus may be harder to detect empirically. Finally, the baseline offspring survival B does not affect how parental effort is predicted to vary among species as a function of whether females mate just a few times or are highly polyandrous (figure 2c). Instead, variation across species in baseline offspring survival in the absence of male care, B, has only a small quantitative effect on parental effort (different lines in figure 2c) .
The overall results from both cases explored here show that variation among species in ecological, physiological or maternal conditions that affect the cost of male parental behaviour in terms of the difficulty of providing care (i.e. the parameter a), but not the baseline offspring survival without care (i.e. the parameter B), is predicted to alter the strength of the association between parental effort and expected withinpair paternity. From an empirical perspective, all else being equal, an association between paternity and paternal effort will be more likely detected when focusing on species in which male care is consistently very difficult to provide. In species where the costs of care vary or male care is not difficult to provide, other aspects of the breeding system and the reproductive biology of species are more likely to explain patterns of parental effort across species than variation in female promiscuity and, ultimately, variation in paternity. 60  50  40  30  20  10  60  50  40  30  20  10  60  50  40  30  20   10  60  50  40  30  20  10  60  50  40  30  20   10  60  50  40  30  20  10  60  50  40  30  20  10  60  50  40 
Discussion
Our model predicts how male allocation between mating, fertilization and parental effort is expected to evolve in response to among-species variation in the intensity of sperm competition and the cost of male care, both of which are likely to be shaped evolutionarily by even small changes in ecological conditions among species [26] [27] [28] [29] [30] [31] [32] . Consistent with ubiquitous theoretical predictions [1, 2] and patterns observed in nature (e.g. insects: [9, 54] ; vertebrates: [7, 8, 10, [54] [55] [56] ), our model predicts that increases in sperm competition intensity favour male allocation to fertilization effort over other components of reproduction. Though sperm competition games have not previously been used to consider the situation where males must also allocate limited energy to parental effort, our results reveal that existing sperm competition expectations are generally robust, even for species in which males benefit from allocating a large amount of energy to paternal care. Moreover, our model predicts the positive association between parental effort and the expected average within-pair paternity that is predicted by parental investment theory [25, 33] , simply by considering that male allocation to paternity assurance (i.e. ejaculate production) and paternal care trade-off with each other (see similar arguments in [37, 38] ). Although previous work modelled the benefit function of parental care on offspring survival explicitly [36, 50, 51] , little attention has been given to exploring variation in this function (but see [33, 49] ), despite the recognition that such variation may drive an association between parental effort and paternity that does not necessarily represent a causal relationship between these two variables [23, 34, 37, 38] . Therefore, our theory not only shows that the core predictions of sperm competition theory also apply to species with paternal care, but also reveals an important role for the cost of male care in modulating both the evolution of male allocation to parental effort, the association between parental effort and paternity and our ability to detect and understand these patterns empirically.
Our model shows that the cost of paternal care can affect the resolution of life-history trade-offs between mating, fertilization and care. Conditions that increase this cost (due to either changes in the baseline offspring survival or in the difficulty of providing care) are predicted to favour strategies that divert energy from fertilization to parental effort, even at moderately high levels of sperm competition. To our knowledge, only a few empirical studies have addressed this question. In the black redstart Phoenicurus ochruros, increases in food availability (which likely represents decreases in the cost of paternal care) are indeed associated with decreases in male attendance and increases in male mating success [28] , as expected by our model. In cuckoos with paternal care (which are likely to represent species where the cost of male assistance are stronger than species without care), male fertilization effort represented by testes size is higher (instead of lower) than in cuckoos without parental assistance [57] , contrary to our model's prediction. A possible explanation for this latter case could be that the particular biotic or abiotic conditions that affect the cost of male care across species simultaneously affect other aspects of the mating system, such as, female promiscuity. In this sense, future empirical and theoretical work may contribute to our understanding on how and when the cost of male care should be expected to covary with sperm competition intensity. Nevertheless, there is still insufficient empirical data at present on how the cost of paternal care affects male behaviour and the relationship between mating, sperm allocation and care to test whether our predictions generally hold in nature.
As described above, our model also highlights the importance of the difficulty of providing care to alter the emergent association between paternal care and paternity: the easier paternal care is to provide, the weaker the association between paternity and parental effort. In fact, a recent and very comprehensive study of birds [17] found that, while male share of care decreases with extra-pair paternity in species where nestlings demand extensive care (i.e. altricial species), this association disappears when offspring require little care (i.e. precocial species). One could also test our model's predictions by exploring paternity patterns at different stages of parental care, which are likely to vary in the cost and benefit of care. In birds, provisioning is the most [58] and the common attendance by both parents suggests an essential role of male contribution. Conversely, although incubation greatly affects offspring development [59] , females are generally able to compensate for decreases in male contribution during this stage [60] , suggesting paternal care may not be very difficult for males to provide. Nest construction plays an important role not only in protecting the offspring but also in sexual signalling [61] , so female compensation for a male's failure at this stage is unlikely. Therefore, the difficulty of providing paternal care in birds with biparental care seems to be low during incubation, increasing in importance during nest construction (when females cannot compensate for a male's failure to provide care) and is the highest during provisioning. In fact, extra-pair paternity and male share of feeding are strongly and negatively associated across 122 bird species (based on standardized regression coefficients), followed by the association with nest construction and, then, with incubation ( [41] ; for qualitatively similar results [39] , but see [40] ). Therefore, although empirical evidence is still scarce, results from the most comprehensive dataset in birds so far are consistent with our predictions for how the difficulty of providing male care affects the association between paternity and paternal care in two scales: among species with different development modes and within species between different stages of care.
In order to compare our results more directly to existing theory, we used a set of assumptions common to most sperm competition games (reviews in [1, 2] ) and parental investment theory [34 -37] . Particularly, we assumed a priori the existence of energetic and temporal trade-offs between paternal care and other components of fitness. In numerous species with male-only care, however, parental males are able to attend several clutches simultaneously [16, 22, 48] , reducing the extent of such trade-offs. Our predictions for situations with little energetic cost of male care may be similar to scenarios with weak trade-offs, although the mechanisms leading to little male allocation to parental effort are substantially different in each case. Moreover, males in some species are more attractive when attending the offspring than when at a non-parental state [22,27,62 -64] , resulting in a synergistic relationship between paternal care and mating and/or fertilization effort. This situation, however, must dramatically change the outcome of intraand inter-sexual interactions and, consequently, the expected patterns of paternal care [25, 65] . Therefore, the assumptions of existing theory do not capture the entire diversity of forms of paternal care and its relationship with sexual selection. We suggest not only that the extent but also the existence of trade-offs between different components of fitness deserve further attention. Particularly, future theoretical work could explore 'loading factors' in sperm competition games (i.e. parameters that scale the relative effect of energy expenditure on male traits and their corresponding component of fitness, which have been used in the context of pre- [14] and post-copulatory [11] male competition). In this sense, our model provides a strong starting point from which to study the evolution of paternal care, using a framework that explicitly considers how allocation strategies and social interactions affect patterns of mating, fertilization and care, where the extent of trade-offs between different components of fitness can easily be explored and evaluated.
Here, we demonstrate the importance of considering explicitly the cost of paternal care on the evolution of male allocation strategies, which in turn mediates expected paternity. Our main results show that the core predictions of sperm competition games [1, 2] and parental investment theory [34] [35] [36] [37] can be modified by the cost of paternal care. Although existing empirical evidence supports the expected association between paternity and male care across species [17, [39] [40] [41] [42] ), extensive unexplained variation remains [23] , particularly in species where males are exclusively responsible for offspring survival and high levels of paternity are expected [15, [43] [44] [45] [46] . The cost of paternal care varies widely among natural populations, and we argue that investigating how this variation affects patterns of mating, fertilization and care has the potential to improve our understanding of the coevolution between parental investment and reproduction.
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